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Abstract 
This paper describes the various frugal and sustainable practices followed in a middle-class household in Kerala, the 
south-western state of India. The need of the hour is to provide methods that promote the use of sustainable practices. An 
automated watering technique for household gardening and a low-cost grid-independent biomass gasification stove that 
uses coconut husks have been proposed in this paper.   
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1. INTRODUCTION 
In this era of globalization and cutting edge technology, the need for conserving energy and leaving a 
minimal ecological footprint is growing every day. Sustenance of the human race depends on the reusing and 
recycling of natural resources. The twentieth century witnessed the rise of a throw-away culture in the 
developed nations, and this culture slowly permeated to developing and emerging nations.  
Ironically, by the start of the twenty first century, the relentless efforts of environmentalists and 
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conservationists in better developed nations made society aware of the evils of using disposable items so 
carelessly. It is essential that best practices are collected from all over the world, and effectively reused in 
different geographical regions effectively.   
Frugal techniques are now being envisaged in almost every sphere of life. From developing energy 
efficient robots that use optimal energy routing and ordering techniques [Litus et al.,2007] and using simple 
web cameras for image-processing based monitoring of traffic [Kumiko Maeda et al., 2014] to time-slicing 
based computing models for low-resource mobile devices [Benoˆıt Garbinato, et al., 2007], it is heartening 
that the list of low-cost, energy-efficient products is growing each day.  
Many studies have been conducted in order to ascertain the cost-effectiveness and efficiency of 
frugal techniques in emerging economies. Sometimes high end products developed in western countries fail to 
gain acceptance in emerging markets. The reason may be high pricing and sophisticated features which might 
not be essential for the product [Agarwal and Brem, 2012]. 
Various practical methodologies that include bricolage, and practical time-saving and low-cost 
techniques are being investigated today [Prabhu and Gupta, 2014]. India and China are two important markets 
with sizeable populations but where cost-consciousness is an important trait. Clearly to tap this market to its 
full potential, practicability and reliability of the innovations is a necessity.  
The current trend in Indian society of hoarding away old mobile phones, unused laptops, desktops is 
described in [Usha, 2012]. The need of the hour is to reuse whatever parts are still useful in old electronic 
devices whose primary function cannot be restored. [Sakurai et al., 2014, Hsiao et al., 2014] also stress the 
importance of using available devices or tools, like the ubiquitous mobile phone, for setting up disaster relief 
systems.  
This paper details the scope for frugal automation of various sustainable practices followed in the 
south western state of Kerala. Section II gives a brief explanation about the landscape and terrain of Kerala. 
Section III describes the various areas in which sustainable techniques are being practised in Kerala. Section 
IV details automation using frugal techniques in a household. Section V concludes the discussion about the 
scope of the study. 
2. GEOGRAPHY OF KERALA 
Kerala is a state in the southwestern part of India. It lies between north latitudes 8°18' and 12°48' and 
east longitudes 74°52' and 77°22' and experiences humid equatorial tropical climate. Agriculture contributes 
7.75% to the economy and is predominantly spices, rubber, coconut cultivation and livestock. 
Coconut is traditionally cultivated in Kerala and it tops among the states of India in terms of 
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production. Kerala is famous for its coconut-based products—coconut water, copra (sun-dried coconut), 
coconut oil, coconut cake (also called coconut meal, copra cake, or copra meal), coconut toddy, coconut shell-
based products, coconut wood-based products, coconut leaves, and coir pith [Report on Copra,  
http://www.nmce.com/files/study/copra.pdf]. 
The entire State is blessed with year-round greenery. Evergreen forests are its main biological 
treasure house. Favourable climate and soil conditions and other affable physical factors are responsible for 
the biological richness of this small state. In Kerala humidity is very high at an average of 70 percent. 
Nambiar, (1985) has conducted a vast study on the medicinal plants of Kerala in which he has found that out 
of the 3200 species of vascular flora in Kerala, 900 are known to possess immense medicinal properties. Out 
of these, 540 species have been identified from forest ecosystems [Sreedharan, 2004]. 
Traditionally, Keralite houses were made of mud or bricks, and thatched with coconut leaves. The art 
of thatching and weaving baskets was known to everyone. Today there are very few thatched houses in the 
state, with the greenery diminishing each day. Small mud or brick houses that spotted the landscape earlier, 
have given way to concrete homes. The practice of growing fresh organic produce at home has waned too. 
Kerala is a land blessed with rivers and good rainfall, but nowadays, most of the state's supply of vegetables 
and rice (the staple food of Keralites) comes from other states of India. 
However in recent years, there have been green initiatives and awareness measures conducted by 
Krishi Bhavan, the Department of Agriculture owned by Kerala state. Growing herbs and vegetables in 
troughs, earthen pots, or “grow bags” using seeds or saplings supplied by Krishi Bhavan, is now being 
popularized. For those living in flats or in small plots, terrace farming is encouraged. 
3. SUSTAINABLE PRACTICES FOLLOWED IN KERALA  
In middle-class households today, most health-conscious Keralites have their own vegetable patches or 
grow bags in terraces. Vegetables, herbs, flowers, or even a patch of green grass can be grown if there are a 
few flowerpots or concrete troughs constructed on a terrace. Various sustainable practices followed in Kerala 
today are listed in this section. 
1. A natural pharmacy at home: There are various medicinal herbs that are easily grown in earthen pots 
or troughs.  
a. The holy basil ('tulsi' or Ocimum tenuiflorum) is a plant traditionally grown in every 
Keralite households. The leaves of this plant have a wide range of therapeutic powers 
[Ayurveda For You, http://ayurveda-foryou.com].  
b. Country borage ('panikoorkka' or Plectranthus amboinicus) leaves are wilted and the juice 
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extracted for curing common colds and mild fevers in infants.   
c. The black night shade ('manathakkali' or Solanum nigrum) is used as a green vegetable and 
its small berries are a powerhouse of vitamins.  
d. 'Keezharnelli' (Phyllanthus niruri) is treated like a weed by many people, but its leaves, 
stem and tiny berries together are used as a conditioner for hair and for treating diseases as 
severe as jaundice.  
e. Shrubs like butterfly pea ('Shankhupushpam' or Clitoria ternatea), hibiscus and henna 
(Lawsonia inermis) have both aesthetic appeal and medicinal value. Crape Jasmine 
(‘Nandyarvattom’ or Tabernaemontana divaricata) is useful for curing diseases of the eye.  
2. Techniques promoted by KWA: In early days, almost every household had a well from which water 
would be collected for drinking, washing and gardening. Today with Kerala's high density of 
population, well water contamination has become prevalent. So most households depend on the 
KWA (Kerala Water Authority) for potable water. The age-old technique of drawing water from 
wells using a pulley and bucket has given way to motors and pumps. However as awareness is being 
spread about the need for using low-energy resources, manual water-drawing with its inherent health 
benefits is also resurfacing. Drip irrigation, rainwater harvesting, etc. are some of the techniques 
promoted by the KWA (Kerala Water Authority). 
3. Self-sufficiency in waste disposal is easily implemented in plots having a little outdoor space. 
Kitchen waste generated in a household is used for generation of natural fertilizer for the gardens.  
Fig. 1 (a) Kitchen waste disposal – placing kitchen waste in covered earthen pot (b) Organic manure 
formed after a month 
Kitchen waste is usually collected in a concrete ring outside the house. After a few months, with 
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proper sunlight and application of ash, the kitchen waste gets converted into excellent manure. Paper 
waste can be collected and burnt periodically in a small demarcated area, and the ash can be used for 
sprinkling over the kitchen waste to aid speedy conversion to manure. The humid climate of Kerala 
aids the growth of moss in many cement paved areas in usual households. This moss is periodically 
removed in most households to prevent slipping during the rainy months of Kerala (the South west 
monsoon usually lasts from June to August). Instead of applying chemicals, the moss can be scraped 
using metallic scrapers, and converted to rich manure along with the kitchen waste. Fig 1(a) and (b) 
show the production of organic manure naturally without the addition of any other substance. 
4. Coconut waste based cooking: As Kerala is blessed with an abundance of coconut trees, dried 
coconut husks ('thondu'), shells ('chiratta'), and sheaths ('kothumbu') act as good combustible 
material. Dry coconut leaves ('ola') are often used to start fires, but quickly get burnt out. In middle-
class Keralite families LPG (Liquefied Petroleum Gas) stoves are mainly used. Induction cooking 
and other techniques based on electricity are not preferred among the cost-conscious. For larger 
quantities, many families also make use of firewood based 'smokeless' stoves ('Pukayillaatha 
aduppu') in which the generated smoke is directed through pipes toward a chimney. 
5. Planting of bamboo trees in homes is another very useful method of obtaining poles and support 
structures essential in vegetable farming. Creepers and climbers like long beans, gourds, etc. have a 
tendency to enwrap their tendrils on bamboo poles much faster than on artificial poles, aiding in 
rapid growth and fruit-bearing. Bamboo poles of sufficient length can also be used to make light-
weight poles for plucking fruit. By merely attaching a short stick and a small net to the end of the 
pole, a simple method to safely pluck fleshy fruit like ripe mangoes and guavas can be engineered. 
4. FRUGAL AUTOMATION IN A HOUSEHOLD 
For the message of frugality to be popularized, suitable time-saving and cost-effective equipment is a 
necessity. This section explains possibilities of low-cost automation in a household. 
4.1. Automated Watering system 
A challenge for maintaining a homegrown garden is its daily care. The most important need for small 
plants is that they have to be watered at least once a day. When homeowners are travelling or on vacation for 
a few days, the plants are likely to wither and may not recover quickly later. To ensure that plants are watered 
regularly in the absence of home owners, a simple standalone automatic watering system is proposed here. 
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Fig. 2 (a) Automated water system – System architecture, (b) Top view 
The power source for switching the system on and off is very important in Kerala, where lengthy 
power failures are common. A frugal solution for a watering system is proposed here.  Fig. 2(a) shows the 
system architecture of the proposed system for automation of watering of plants in the absence of the house-
owner. The top view of the proposed system is shown in Fig. 2(b). 
Key features of the frugal automated water system: 
1. The proposed system is independent of grid power. A small solar panel is used as the power source 
to charge the battery. The system has the form factor of a typical “candy-bar” type phone.  
2. To reduce cost, the system uses the battery, keypad and display from discarded cell-phones. Cellular 
phones are now usually discarded by the users because they are out of date. Most of them are fully 
functional. In typical discarded cell-phones, the battery has ~50% charge retention. Such a battery is 
more than enough for the current application.  
3. Keypad and LCD display are re-used from discarded cellphones, thus bringing down the cost of 
these components to zero.  
4. A tiny low cost Arduino board is used as the main processor. The processor keeps the time and runs 
software routines to interrupt when it is time to water the plants, user interface software routines. 
5. The user interface supports entering the time at which plants have to be watered, and for how much 
duration. 
6. To overcome the challenge of using solar power in rainy weather, we ensure that charging happens 
even in poor light conditions. For this, an energy harvesting IC is used. Such an IC has built-in 
circuitry to generate charging voltage and current even at brown-out input conditions.  
7. A latching valve is used for opening and closing the water supply. Such a valve ensures very low 
usage of energy, thus enabling the system to retain battery charge even when there is poor sunlight 
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for many days. The latching valve consumes energy only when changing state from open to close, or 
close to open. The state is held in place by a magnet in the open state and by a spring in the closed 
state, thus not requiring any energy in steady state. 
8. The product will also generate carbon credits. Extending the life of a mobile phone to 7 years will 
save 45 kg of carbon emissions [Carbon Footprint, http://www.arp.net.au/carbon_pf.php]. A portion 
of this corresponding to battery, keypad and display can be claimed as carbon credit certificates by 
the product manufacturer. 
4.2. Grid-independent biomass gasification stove 
Biomass gasification is a well known technique for efficient and pollution free combustion of locally 
available biomass [Mukunda et al., 2010].  Fossil fuel consumption can be reduced by using biomass 
gasification stoves. Coconut trees are abundant in Kerala and coconut husk and shells are available in all 
households. The proposed setup is shown in Fig. 3(a). 
Fig. 3 (a) Set up of biomass gasification stove, (b) Biomass pack of stacked coconut shells and husks 
Coconut shells are stacked one on top of each other in the centre, husks then form a tight pack 
around the shell stack, thus forming a biomass pack. The coconut shell and husk stacking that forms the 
biomass pack is shown in Fig. 3(b). 
Key features of the biomass gasification stove:  
1. To make the stove grid independent and reduce cost, a battery-less fan system is proposed.  
2. A thermocouple generator is used to drive the fan by using the heat generated from the stove. The 
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cycle is thus self sustaining.  
3. To further reduce cost, the fan is re-used from discarded CPU modules. These are 5V fans and match 
well with low-cost thermocouple generators.  
4. CONCLUSION 
This paper aims at creating awareness about some of the sustainable practices followed by people of 
Kerala, a south-western state of India. Simple techniques like these would greatly contribute to resource 
optimization. Augmenting these practices with low-cost automation would help in popularizing the concept of 
frugality and sustainability. The proposed automated watering system and the biomass gasification stove have 
immense potential in each household. Similar studies of innovations in different geographical regions of the 
world would aid in fostering an attitude that supports green initiatives and reduction in our ecological 
footprint. 
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